Abstract
6
(Claeys et al. 2004 , Ding et al. 2008 . The other SOAM tracers were quantified using cis-pinonic acid.
141
β-Caryophyllenic acid and DHOPA were quantified using octadecanoic acid and azelaic acid, azelaic acid were 0.03, 0.05, 0.04, 0.03 and 0.07 ng m -3 , respectively, at a total volume of 122 m 3 .
145

Quality assurance and quality control
146
Field and laboratory blanks were analyzed in the same manner as the field samples. These SOA
147
tracers were not detected in the field or laboratory blanks. To evaluate the recoveries of the analytical 148 method, six spiked samples (authentic standards spiked into solvent with pre-baked quartz filters) were
149
analyzed. The recoveries were 101 ± 3 % for cis-pinonic acid, 70 ± 10 % for pinic acid, 65 ± 14 % for 150 erythritol, 83 ± 7 % for octadecanoic acid, and 89 ± 9 % for azelaic acid. The relative differences for
151
target compounds in samples collected in parallel (n=6) were all below 15%.
It should be noted that ketopinic acid was used as the surrogate for the quantification of all SOA 
164
Since SOA tracers were not detected in the field blanks, EFB was 0 in this study. The spike
165
recoveries of surrogate standards were used to estimate the ER of tracers which ranged from 1% 7 by each carbon atom (En) was estimated to be 15 %, each oxygenated functional group (Ef) to be 10%
169
and alkenes (Ed) to be 60%. The errors introduced from surrogate quantification are treated as additive
170
and are calculated as:
172
where Δn is the difference in carbon atom number between a surrogate and an analyte, Δf is the 173 difference in oxygen-containing functional group between a surrogate and an analyte, Δd is the 174 difference in alkene functionality between a surrogate and an analyte. Table S1 shows the estimated uncertainties in tracer measurement. The errors from surrogate 176 quantification (EQ) ranged from 15% (2-methyltetrols) to 155% (β-caryophyllenic acid) in this study.
the range of 38% to 156%.
179
Backward trajectories
180
The air masses' transport during each sampling episode was investigated using Hybrid Single (BTs) were analyzed during each sampling episode with 6-hour step at the height of 500 m above 183 ground level. Then cluster analysis was performed to present the mean trajectory of each cluster, based 184 on all the trajectories during our campaign.
186
Results and Discussions
187
Seasonal variations of SOA tracers
Since the NC site is located in the high elevation TP, the annual temperature was only -1.64 °C with 189 the range of -16.1 °C in January to 10.2 °C in July (Table 1) . The annual relative humidity (RH) was 58%
190
with the peak in July (84%) and the lowest in January (30% 
where EFI is the basal emission rate at 30 °C leaf temperature and 1000 μmol m −2 s −1 PAR. CL and CT
221
are the factors representing the influences of light and temperature, respectively. CT can be estimated 222 as: 
238
All these interpreted the high levels of SOAI tracers in the summer at the NC site. In the winter,
239
isoprene emission significantly dropped due to the extremely low temperature. Thus, the tracers were 240 only in trace amount at the NC site.
241
It is worth noting that the ratio of MGA to MTLs (MGA/MTLs) was negatively correlated with 
257
The total concentrations of SOAM tracers (sum of five tracers) ranged from 0.11 -2.39 ng m -3 . The 258 levels of the SOAM tracers were consistent with those over the global oceans and the Arctic (Table 2) .
259
Among these traces, cis-pinonic acid was the major compound (54%), with an annual average of 0.49 ± 260 0.38 ng m 
267
(period 3), SOAM tracer levels exhibited slight variation, although temperature kept increasing.
268
The seasonal variation of SOAM tracers could be influenced by monoterpenes emission and 
273
where EFM is monoterpenes emission rate at a standard temperature Ts (303 K), γT is the activity factor 274 by temperature, β is an empirical coefficient usually taken to be 0. 
276
SOA yield (Y) of precursors could be expressed using an empirical relationship based on ) is the temperature-dependent partitioning coefficient of the 281 semi-volatile compound i. Assuming a constant activity coefficient and mean molecular weight, the
where Ki * is an experimentally determined partitioning coefficient at a reference temperature, T * . Hi is 286 the vaporization enthalpy, R is the gas constant. To model the temperature-dependent absorptive 287 partitioning, three parameters, αi, Ki, and Hi, are required for each condensable product. Figure S5 shows the temperature dependence of α-pinene 293 emission rate (γT) and SOA yield within the temperature range at the NC site (-16.7 to 10.2 º C).
288
294
Obviously, decreasing temperature could reduce the emission but enhance the gas to particle 295 partitioning and SOA yield. 
308
Previous study proposed that cis-pinonic acid and pinic acid (P) were the first-generation products 
324
The levels of SOAC tracer, β-caryophyllenic acid were in the range of below MDL to 0.40 ng m -3
.
325
As Figure 2c shows, the levels elevated from July to November 2012 and dropped to below MDL in . This
333
anthropogenic tracer was not detected or reported in global remote areas (Table 2) . Due to few human 334 activity at the remote NC site, the highest concentration of DHOPA was 1-2 orders of magnitude lower 
457
have significant influence on carbonaceous aerosols over the remote NC during winter.
gas-particle partitioning. Due to the transport of air pollutants from the Indian subcontinent, DHOPA
467
presented relatively higher concentrations in the summer and increased mass fractions in the winter.
468
The SOA-tracer method was applied to estimated SOC from these four precursors. The annual average 
